Household Air Pollution from Cooking in Madagascar:
Effects of Wood Smoke Exposure on Respiratory Health

by
Kuleni D Abebe

Duke Global Health Institute

Duke University
Date:
Approved:
Charles Nunn, Advisor

Randall Kramer

Christine Gray

Thesis submitted in partial fulfillment of
the requirements for the degree of
Master of Science in the Duke Global Health Institute
in the Graduate School of Duke University

2021



ABSTRACT

Household Air Pollution from Cooking in Madagascar:
Effects of Wood Smoke Exposure on Respiratory Health

by
Kuleni D Abebe

Duke Global Health Institute

Duke University
Date:
Approved:
Charles Nunn, Advisor

Randall Kramer

Christine Gray

An abstract of a thesis submitted in partial
fulfillment of the requirements for the degree
of Master of Science in the Duke Global Health Institute
in the Graduate School of Duke University

2021



Copyright by
Kuleni D Abebe
2021



Abstract

Background: Approximately 3.8 million people die annually from illnesses caused by
household air pollution (HAP). Cooking related HAP is the second leading cause of
disease in Madagascar. Our exploratory study aims to examine the effect of cooking fuel
smoke exposure on lung function and respiratory symptoms.

Methods: A cross-sectional study was conducted in Mandena, Madagascar from 2016
through 2018. Adults aged >18 years completed a survey on respiratory symptoms and
cooking habits and performed spirometry for FEV: and FEVs values.

Results: Of the 140 participants, 95 individuals were included in the multiple regression
model. Being the primary cooks was significantly associated with decreasing FEV1 (-0.30;
95% CI: -0.57, -0.04) and FEVs (-0.32, 95% CI: -0.57, -0.06). Cooking indoors significantly
decreases FEVs compared to cooking outdoors (-0.26, 95% CI: -0.50, -0.03).

Conclusion: Reduced lung function and increased respiratory disease are most common
among primary cooks. Reduced lung function was associated with cooking indoors.

Further studies are essential to investigate HAP’s effect on Madagascar communities.
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1. Introduction

1.1 Background

Approximately 3.8 million people die annually from illnesses caused by
household air pollution (HAP) generated from solid fuels and kerosene for cooking
(WHO, 2018). HAP is caused by the burning of solid fuels such as charcoal, wood, and
coal in an enclosed space; the resulting smoke contains a high concentration of
particulate matter and toxins that when inhaled leads to multiple illnesses. HAP related
illnesses primarily affect populations in low- and middle-income countries (LMICs) due
to the dependence of burning solid fuels for cooking (WHO, 2018). Despite the
widespread use of solid fuel for cooking in LMICs, knowledge about the burden of
cooking fuel smoke on respiratory diseases is limited. Respiratory diseases including
acute respiratory illness and impaired lung function have been linked to smoke
exposure in Sub-Saharan Africa (Bede-Ojimadu & Orisakwe, 2020). In Madagascar, over
99% of households use wood or charcoal as cooking fuel. Cooking related HAP is the
second leading cause of disease in Madagascar (IHME, 2010). Surprisingly, few studies
have investigated the effect of HAP on lung function and respiratory symptoms in

Madagascar. This thesis addresses this gap in literature.

1.2 Household Air Pollution (HAP)

High levels of HAP is caused by the incomplete combustion of solid fuels,
leading to increased levels of carbon monoxide, particulate matter, nitrogen dioxide, and

polycyclic aromatic hydrocarbons (Pope et al., 2015; Regalado et al., 2006). The



inhalation of HAP pollutants is a risk factor for numerous diseases, including
pneumonia, ischemic heart disease, chronic obstructive pulmonary disease (COPD),
stroke, and lung cancer (Bruce et al., 2000; Mbatchou Ngahane et al., 2015; Po et al., 2011;
WHO, 2018). Risk for HAP related illnesses is higher among women and children due to
gender roles and substantial amount of time in front the stove (WHO, 2018).

HAP has been linked to several negative health outcomes. The risk of childhood
pneumonia is doubled when exposed to HAP. In children under the age of five, over
40% of all pneumonia deaths are due to HAP exposure (WHO, 2018, 2019). In adults,
HAP is associated with acute respiratory infections and acute lower respiratory
infections with over a quarter of adult deaths from acute lower respiratory infections
(pneumonia) attributed to HAP (Gordon et al., 2014; WHO, 2018).

Recent studies have supported the association between HAP exposure and the
increased risk of negative cardiovascular outcomes (Balmes, 2019). The risk for heart
diseases, elevated heart rate, abnormalities of vascular structure, and high blood
pressure all increase when exposed to HAP (Fatmi & Coggon, 2016). Ischemic heart
disease accounts for 27% of the 3.8 million HAP related deaths (WHO, 2018). HAP-
related ischemic heart disease accounts for 11% of all ischemic heart disease deaths
(WHO, 2018). HAPs effect on the cardiovascular system is linked to increased risk of
stroke (Lee et al., 2018). Over 10 percent of stroke deaths are attributed to daily HAP
exposure (WHO, 2018).

In addition to negative cardiovascular outcomes, HAP negatively impacts the

respiratory system. HAP from burning of solid fuels is also linked to COPD. COPD



cases disproportionally affect women in LMICs. A quarter of COPD amongst adults in
LMICs are attributed to HAP (WHO, 2018). Individuals living with COPD are
susceptible to comorbidities including heart disease, diabetes, and lung infections
(Chatila et al., 2008). Studies of COPD prevalence in LMICs is limited. However the
existing literature indicates a growing burden of COPD in populations that rely on the
burning of solid fuels (Salvi, 2015). HAP from solid fuel is also associated with lung
cancer (Kurmi et al., 2012). Carcinogens from cooking with solid fuels causes
approximately 17% of lung cancer deaths in adults (WHO, 2018).

Globally, biomass fuel exposure in rural populations is associated with acute
respiratory infection in children along with chronic bronchitis and COPD in women (Po
et al., 2011). Studies have also linked exposure to HAP from cooking to increased
respiratory symptoms (cough, phlegm, dyspnea, and chest tightness) and reduced lung
function (Neghab et al., 2017). In Guatemala, common respiratory symptoms in
nonsmoking women (cough, phlegm, wheeze, and chest tightness) increased in
association with personal HAP exposure (Pope et al., 2015). In rural Mexico, women
exposed to biomass smoke from cooking demonstrated increased respiratory disease
symptoms and reduced lung function compared to women cooking with gas (Regalado
et al., 2006).

Exposure to wood smoke is associated with respiratory diseases including
impaired lung function among individuals residing in sub-Saharan Africa (Bede-
Ojimadu & Orisakwe, 2020). In Cameroon, exposure to wood smoke from cooking was

associated with respiratory symptoms, chronic bronchitis, and reduced lung function



among women (Mbatchou Ngahane et al., 2015). Cooking location has been associated
with respiratory symptoms. In Ethiopia, for example, women cooking with solid fuels
inside their home had higher odds of respiratory symptoms compared to cleaner energy
users (Tamire et al., 2019). In Madagascar, HAP has been identified as the second
leading cause of disease, with more than 99% of households using solid biomass for

cooking (Samad, 2015).

1.3 Lung Function

The goal of this exploratory study is to understand the effect of HAP from
cooking on lung function and respiratory symptoms in Madagascar. Limited studies in
Madagascar assessed lung function with a spirometer, which is the gold standard for
accurate measurements of lung function and identifying conditions such as asthma and
COPD (Rahman & Siddiqui, 2017; Wolff et al., 2014). The Global Initiative for Chronic
Obstructive Lung disease (GOLD) Spirometry Guide defines forced expiratory volume
in one second (FEV1) as the “volume of air that the patient is able to exhale in the first
second of forced expiration” (Rahman & Siddiqui, 2017). Whereas forced vital capacity
(FVCQ) is “the total volume of air that the patient can forcibly exhale in one breath”. The
forced expiratory volume in six seconds (FEVs) “measures the volume of air that can
forcibly be expired in 6 seconds”. FEVs approximates FVC and is a valid substitute
(Vandevoorde et al., 2005, p. 6). Due to FEVs being shorter than FVC, which can take up
to 15 seconds, FEVs is helpful for individuals with obstructed airflow and cannot

complete a full FVC. FEV1/FVC is “the ratio of FEV1 to FVC expressed as a fraction”.



FEV1/FEVs is the ratio of FEV1 to FEVe and is a validated alternative to FEV1/FVC (Chung
et al.,, 2016, p. 6; Gleeson et al., 2006, p. 6; Vandevoorde et al., 2005, p. 6).

Spirometric values are influenced by weight, height, sex, ethnicity, and age
(Talaminos Barroso et al., 2018). Weight’s effect on FEV: and FVC is varied in the
literature. A study reported obesity does not significantly affect FEV:1 and FVC
(Ghobain, 2012). However, other studies suggest obesity reduces airflow that leads to a
reduction in FEV1 and FVC (McCallister et al., 2009). In addition to the link between
obesity and lung function, a study suggested abdominal obesity is associated with
reduced FEV1 and FVC (Ochs-Balcom et al., 2006). Height affects FEV: and FVC because
the values are proportional to body size (Talaminos Barroso et al., 2018). Airflow values
vary across sex because lung development differs between men and women. Because
men have larger lungs, they have higher FEV: and FVC than women. However,
FEV1/FVC ratios remained the same across gender (Jagia & Hegde, 2014). Ethnicity plays
a role in an individual’s lung function. Therefore, reference equations adjust for ethnic
background of a participant. Age is another key factor in evaluating lung function,
increased age is associated with the decline in FEV1, FVC, and FEV1/FVC ratio
(Talaminos Barroso et al., 2018; Vaz Fragoso et al., 2016). Spirometric values are
interpreted by comparing the observed values to the predicted values calculated based
on the individuals” height, age, sex, and ethnicity and the shape of the spirogram
(Rahman & Siddiqui, 2017).

Lung function can be measured using other instruments. Lung plethysmography

measures the amount of air the lungs contain after a deep breath and the amount of air



after an individual fully exhales in an airtight box (NIH, 2021). Plethysmography tests
are conducted to identify if lung conditions are caused by lung damage or decreased
ability for the lung to expand (Criée et al., 2011). Plethysmography differs from
spirometry by focusing on the amount of air the lungs can hold instead how of quickly
air can move in and out of the lungs. Another way to assess lung function is to measure
how well gas exchanges between the lungs and bloodstream through the gas diffusion

test. Gas diffusion test are used amongst physicians to assess or diagnose lung diseases.

1.4 Cooking practice in Madagascar

HAP from cooking has been identified as one of the leading causes of disease in
Madagascar. HAP from cooking has persistently impacted health outcomes negatively
in Madagascar due to dependence on burning of solid fuels and the use of traditional
stoves. The combination of solid fuel use and ineffective cook stoves makes Madagascar
a suitable environment to observe HAP’s effect on lung health. The population of
Madagascar relies on solid fuel for cooking. Wood is the prominent fuel source used
amongst 81% of the Madagascar population (Clean Cooking Alliance, 2020).
Socioeconomic status of Madagascar households are linked to fuel type. Wood is used
amongst the poorest to middle income household, whereas charcoal is predominately
used amongst richer households (Samad, 2015). Less than 1% of households cook with
cleaner fuels such as liquefied petroleum gas (LPG), electricity, and ethanol (Pearce
Oroz & Murphy, 2019). Ninety-nine percent of households burn wood or charcoal either

in a three-stone fire, artisanal, or semi-industrial cookstoves. All are three are ineffective



in reducing emission from biomass fuel exposing the cook to harmful toxins (Pearce

Oroz & Murphy, 2019).

1.5 Study Aims and Hypothesis

To address the gap in knowledge of HAP burden in Madagascar, this thesis
assesses the effect of cooking fuel smoke on lung function and respiratory symptoms
based on who cooks in the household and the cooking location (indoor vs. outdoor) in
Mandena, Madagascar. The central hypothesis is that exposure to smoke from cooking
impairs lung function and results in a higher relative risk of respiratory symptoms. This
thesis addressed the central hypothesis through two aims and corresponding
predictions.

The first aim seeks to examine the effect of cooking fuel smoke exposure on lung
function. Exposure was assessed via surveys identifying the household’s primary cook
and the primary cooking location. Lung function was measured by a handheld
spirometer. Two outcomes were predicted. First, the primary cook in the household will
have poorer lung function, as measured by spirometry, than individuals who are not the
primary cook. Second, individuals that primarily cook inside will be associated with
poorer lung function compared to individuals that typically cook outdoors.

The second aim seeks to estimate respiratory symptoms and their association with
cooking fuel smoke exposure. Respiratory symptoms were self-reported. The association
between reported respiratory symptoms and cooking location were examined. The

prediction for this aim is that an individual’s likelihood of reporting respiratory



symptoms will be positively associated with cooking indoors and with being the

primary cook.



2. Methods

2.1 Setting

The study took place in the rural agricultural village of Mandena, which is
located on the border of Marojejy National Park in the SAVA region of Madagascar.
Approximately 3,000 people reside in Mandena, the majority of whom are farmers. The
most common crops are rice and vanilla. Rice is a staple part of the Malagasy diet, and
vanilla is a valuable cash crop. Although the majority of the population have attended
school at some point during their life, the majority do not continue past primary school.
Around 97 percent of the population uses collected wood as their main fuel source. The

study’s target population are adults over 18 years of age.
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Figure 1. Map of the SAVA Region



2.2 Participants

2.2.1 Selection

Individuals included in the analysis met the following criteria: over the age of 18,
live in Mandena or surrounding villages, and completed at least one of the FEV: and
FEVs readings. Individuals excluded from the study are under the age of 18, not resident
in Mandena or surrounding areas, and did not consent to partake in the spirometry data
collection or did not have at least one FEV: and FEVs reading. All responses, including

age, were self-reported.

Recruitment of participants was conducted from May to August in 2016-2018.
Recruitment procedures during each year varied. Majority of participants volunteered to
be included at the study’s site in Mandena, Madagascar.

2.2.2 Consent

Participants were asked for their permission to participate in the study after
being informed of the purpose, benefits, and potential risks by participating in the
study. During the survey, continual consent was then asked for each measurement of
health-related vital statistics, including blood pressure, pulse, height and weight, and
spirometry readings. Due to collection of participants’ health data, participants’
information was kept confidential once uploaded in the data sheet. The field work
protocols, consent documents, and surveys were approved by Duke IRB and

Madagascar permits for this study.
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2.3 Procedures

2.3.1 Survey Collection

Collection of data was conducted by trained Malagasy interviewers and Duke
University counterpart(s) in consenting participants. Face-to-face interviews were
conducted in Malagasy (local language). The questionnaire contained sociometric and
health questions that collected quantitative and qualitative data on demographic
characteristics, health, social interaction networks, land use decisions, agricultural and
other economic activity. Surveys also included questions regarding cooking conditions
and habits such as cooking location, fuel type, and the primary cook and respiratory
symptoms such as coughed up blood and chest pain in the last 12 months. Most of the
variables collected were self-reported. However, the survey team measured height,
weight, temperature, blood pressure, pulse, and spirometry readings (FEV1 and FEV®6).
Participants consented to each health measurement that was collected. Participants were
compensated for their participation upon completion.

2.3.2 Instruments

The health questions in the survey inquired about health vitals, medical history,
and respiratory symptoms. Height was measured by the survey team with a
measurement tape. The survey team recorded the height, in centimeters, from the top of
the participants head when standing with their backs against a wall. The survey team
measured weight using a scale. Blood pressure was measured three times during the

survey using a blood pressure monitor when participants were seated. Pulse was

11



measured three times during the survey. Lung function was measured up to three times
using the Microlife Digital Peak Flow Meter to measure Forced Expiratory Volume
(FEV) for one and six seconds. When conducting each spirometry readings throughout
the survey participants were required to be seated with their backs straight and exhale

for six seconds.

2.4 Measures
2.4.1 Socio-demographic and Health variables

Socio-demographic variables included in the analysis are gender and age.
Gender was self-reported by the participants and is a dichotomous categorical variable
as male and female. Age was also self-reported by participants and is an integer

variable.

The health variables observed in this study are tobacco use which is self-
reported, whereas height, weight, and blood pressure are continuous variables which
were measured by the survey team. Smokers were defined as an individual that has ever
smoked tobacco, and is a dichotomous categorical variable if the participant smokes: yes
or no.

2.4.2 Exposure Variables
Other exposure variables that will be included are cooking location, primary

cook, and cooking fuel type.

Cooking location is defined as the primary cooking location either inside the

house or outside. It is a dichotomous variable: outdoors and indoors. This categorical

12



variable is based on a self-reported description. This variable gives insight on the
personal exposure to HAP from cooking, based on previous studies which showed that
cooking indoors with poor ventilation is associated with an increase exposure to HAP

(Balakrishnan et al., 2002).

Primary cook variable is a self-reported dichotomous categorical variable where
participants identify if they are the primary cook in the household. The categories for
this variable are “me” or “someone else.” This variable identifies the participant with

highest personal exposure to HAP from cooking in the household.

Cooking fuel type is a categorical variable based on self-reported responses. The
variable inquires which type of fuel is primarily used when cooking. In Mandena the
primary cooking fuel type is wood and charcoal.

2.4.3 Outcome variables

One of the outcome variables of interest is lung function, measured using a
spirometer. All variables are continuous. The spirometer relays forced expiratory
volume in one second (FEV1) and six seconds (FEV6). Participants will repeat this
process three times for accurate readings throughout the survey. The FEV1 and FEV6
values will be used to calculate the FEV1/FEV6 ratio to represent the percentage of lung

capacity exhaled in one second.

Another outcome variable is self-reported respiratory symptoms. The respiratory
symptoms that will be analyzed is coughing blood and chest pain. Participants answer if

they have experienced these symptoms within the past year.
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2.5 Analysis

To assess the first aim of this study, a two-sample t-test was conducted to
understand the association between lung function (FEV1, FEVes, and FEV1/FEVs) and
categorical exposure variables (primary cook and cooking location). A multiple linear
regression models was conducted to assess exposure variables association with lung
function. Variables associated with lung function were identified using simple linear
regressions analysis, variables with a p-value <0.20 were included in the multiple linear
regression model.

Three readings for lung function were collected. However, a large portion of
participants did not provide the second or third reading with more individuals missing
readings by the third reading. Due to the lack of second and third reading a sensitivity
analysis was conducted between averaging all readings and the first lung function
readings for participants. Individuals with a second and/or third reading had higher or
improved readings than their first readings. Due to this trend in the data, individuals
with only one reading when averaged would be lower than individuals with multiple
readings. Therefore, to make the data more consistent, we decided to analyze only the
first readings for lung function.

To achieve the study’s second aim, a chi-square test of independence and
Fisher’s exact test was conducted to understand the association between the binary
outcome variables, coughing blood and chest pain, and the binary categorical exposure
variables for primary cook and cooking location. A logistic regression model was

conducted to understand the relationship between the respiratory symptoms, coughing

14



blood and chest pain, and exposure variables. Exposure variables included in the logistic
model were identified using variables with a p-value <0.20 in a logistic regression for

experiencing respiratory symptoms.
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3. Results

3.1 Demographic Characteristics

From May to July of 2016 through 2018, 140 participants met the inclusion criteria.
Demographic characteristics of the study population are shown in Table 1. The median
age of women (36 years) was slightly lower than men (42 years) (Wilcoxon rank-sum
test, p= 0.3 Table 1). The majority of the participants were farmers, representing 84% of
the study population, whereas 16% had other occupations (Table 1). Smoking prevalence
was highest and associated with men (34%) (Chi-square test of independence, p<0.001;
Table 1).

Over 90% of Mandena residents used wood as the primary fuel type (Table 1).
The median household size was five individuals. Among 137 participants, 58% of them
identified their kitchen location as inside and 42% as outside (Table 1). Females were
significantly associated with being the primary cook in the household (94%), whereas
males identified someone else cook as the household primary cook (94%) (Chi-square

test of independence, p<0.001; Table 1).

16



Table 1. Participant Demographics

Characteristic N  Overalll, N=140 Female!, N=77 Male!, N=63 p-value?
Age 140 39 (24, 46) 36 (24,45) 42 (24,48) 0.3
Smoke 100 <0.001
No 90 (82%) 51 (96.2%) 31 (66%)
Yes 18 (18%) 2 (3.8%) 16 (34%)
Missing 40 23 17
Occupation 109 0.7
Farmer 90 (83%) 52 (85%) 38 (79%)
Other* 18 (17%) 9 (15%) 10 (21%)
Missing 31 16 15
Fuel Type 59 0.6
Wood 4 (6.8%) 2 (5.9%) 2 (8%)
Charcoal 52 (92%) 32 (94%) 22 (88%)
Charcoal and 1(1.7%) 0 (0%) 1 (4%)
Wood
Missing 81 43 38
Household Size 112 5(3,6.25) 4 (3,6) 6(4,7) 0.002
Missing 28 15 13
Cooking Location 137 >0.9
Inside 77 (56%) 42 (55%) 35 (57%)
Outside 60 (44%) 34 (45%) 26 (43%)
Missing 3 1 2
Primary Cook 138 <0.001
Me 74 (54%) 71 (93%) 3 (4.8%)
Someone else 64 (46%) 5 (6.6%) 59 (94%)
Height 140 157 (152, 164) 153 (148, 157) 165 (160, 168) <0.001
Weight 140 52 (46, 58) 48 (44, 53) 55 (52, 60) <0.001

IStatistics presented: Median (IQR); n (%)

2Statistical tests performed: Wilcoxon rank-sum test; chi-square test of independence.
*Other Occupations include: Carpenter (1), Clothing vendor (1), Collector of Vanilla
(1), Cook (1), Guide (1), Housewife (2), Student (11), Teacher (2)

17



3.2 Lung Function

3.2.1 Bivariate Analysis of Lung Function

Table 2. Spirometric readings of Participants by Gender
Spirometric Values Overall, N=140' Female, N=77" Male, N=63' p-value?

FEV: 2.00 (1.66,2.56)  1.78 (1.53,2.07) 2.56 (1.94,2.88) <0.001
FEVs 2.33(1.97,2.94)  2.08(1.81,2.39) 2.97 (2.48,3.31) <0.001
FEV1/FEVs 0.89 (0.80,0.94)  0.91(0.87,0.95)  0.87 (0.78,0.93) 0.047

IStatistics Presented: Median (IQR)
2Statistical tests performed: Wilcoxon rank-sum test

The average FEV1 and FEVe readings are significantly lower in females than in
males (Wilcoxon rank-sum Test, p<0.001; Table 2). The average FEV1/FEVs ratios are
significantly different between female and males (Wilcoxon rank-sum Test, p<0.05; Table
2). The median FEV: and FEVs among primary cooks is lower than non-primary cooks
(Table 2). The median FEV1/FEVe ratio is similar between primary cooks and non-
primary cook groups (Figure 2). The bivariate analysis of primary cook against
spirometric readings (FEV1, FEVs, FEV1/FEVs) identified a statistically significant
difference in both the FEV1 and FEVs means between the primary cooks and non-
primary cooks (Two Sample t-test, p<0.001; Table 3). In contrast, there was no significant
difference in FEV1/FEVs group means based on household primary cook (Two Sample t-
test, p=0.84; Table 3).

The median FEV: and FEV1/FEVs ratio was similar between individuals with a
cooking location outside and inside (Figure 3). However, the median FEVs was higher
among cooking locations outside than households that cook inside (Figure 3). All

spirometric means based on cooking location were similar between groups (Figure 3).
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Bivariate analysis revealed household cooking location was not a significant predictor

for any of the spirometric measures (Two-Sample T-test, p=0.62, p=0.89, p=0.44; Table 3).
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Figure 2. Boxplot of spirometric readings and household cooks
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Figure 3. Boxplot of spirometric readings and cooking location.

Table 3. Bivariate Analysis of Spirometric Readings and Primary Cook and
Cooking Location

Exposure FEV: FEVs FEVV/FEVs
Variables p-value! p-value! p-value!
Difference (95% CI)  Difference (95% CI) Difference (95% CI)
Primary Cook, <0.001 <0.001 0.84
N=138 -0.69 (-0.88 -0.51) -0.81 (-1.00, -0.63) 0.004 (-0.04, 0.05)
Cooking 0.62 0.89 0.44
Location, -0.05 (-0.27, 0.16) -0.02 (-0.25, 0.21) -0.018 (-0.06, 0.03)
N=137

'Two-Sample T-Test
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3.2.2 Multivariate Analysis of Lung Function

A multiple regression model was conducted for each of the three outcome
variables of lung function with identical exposure variables. Variables included in the
multiple regression models were age, height, weight, smokers, primary cook, and
cooking location. The variable “gender” is a potential predictor for poor lung function
readings in women, however, gender was omitted from the final multiple linear
regression model due to collinearity with “primary cook”.

The multiple regression model indicated a significant negative association
between FEV1 and age and as well as the primary cook (Multiple Regression, p<0.001,
p=0.03, respectively; Table 4). The mean FEV: among primary cooks is 0.30 lower than
non-primary cook (Table 4). Similarly, for every one-year increase in age there is a
decrease of 0.01 in the mean FEV: (Table 4). Height revealed a significant positive
association with FEV1(Multiple regression, p=0.005; Table 4). For every one-centimeter
increase in height there is an increase of 0.03 in mean FEV1 (Table 4).

The model for FEVs indicated that being the primary cook and cooking inside
had a significant negative association with FEVs(Multiple Regression, p=0.02, p=0.03,
respectively; Table 4). The mean FEVs for primary cooks is 0.32 lower than a non-
primary cook (Table 4). The mean FEVs of individuals with a cooking location inside is
0.26 lower than individuals who cook outside (Table 4). As age increases by one year
there is a 0.01 decrease in the mean FEVs (Table 4). Similar to the FEV1, height has a

significant positive association with FEVs (Multiple Regression, p<0.001; Table 4). The
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model indicated for every one-centimeter increase in height there is a 0.03 increase in the
mean FEVs (Table 4).

The model for the FEV1/FEVe ratio revealed that age significantly decreases this
ratio (Multiple Regression, p=0.008; Table 4). Cooking indoors is statistically significant
in decreasing FEVs readings (Multiple Regression, p=0.02; Table 4). Conversely, cooking
indoors revealed no significant association with FEV1/FEVes but had a slight positive

relationship with the ratio (Multiple Regression, p=0.12; Table 4).

Table 4. Predictors of Spirometric Readings.

FEV1, N=95 FEVs, N=95 FEV/FEVs Ratio, N=95
Estimate Estimate Estimate
(95% CI) (95% CI) (95% CI)
Constant -1.77 -2.98* 1.14**
(-4.32, 0.78) (-5.38, -0.58) (0.43, 1.85)
Primary Cook -0.30* -0.32* -0.02
(-0.57, -0.04) (-0.57, -0.06) (-0.09, 0.05)
Cooking Inside -0.06 -0.26* 0.06
(-0.31, 0.19) (-0.50, -0.03) (-0.01, 0.13)
Weight 0.01 0.01 -0.003
(-0.01, 0.03) (-0.004, 0.03) (-0.008, -0.003)
Age -0.01*** -0.01* -0.003**
(-0.02, -0.006) (-0.014, 0.002) (-0.006, -0.001)
Height 0.03** 0.03*** 0.001
(0.01, 0.05) (0.016, 0.052) (-0.006, 0.005)
Smokers 0.20 0.02 0.059
(-0.09, 0.49) (-0.25, 0.30) (-0.02, 0.14)

*Indicates significance at the 95% level, **Significance at the 99% level, ***Significance
at the 99.9% level.

Adjusted R? for each model: 0.42, 0.51, 0.06.

F-Test for each model: F(6,88)= 12.16, p<0.001; F(6,88)= 17.36, p<0.001; F(6,88)=1.981, p=
0.08
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3.3 Respiratory Symptoms

Table 5. Reported Respiratory Symptoms based on primary cook and cooking
location.

Respiratory Symptoms
Exposure Variables N No, N=126! Yes, N=141
Primary Cook 138
Me 65 (52%) 9 (64%)
Someone Else 59 (48%) 5 (36%)
Missing 2 0
Cooking Location 137
Inside 66 (54%) 10 (79%)
Outside 57 (46%) 3 (21%)
Missing 3 0

IStatistics presented: n (%)

The largest proportions of participants who experienced respiratory symptoms
(coughed blood or chest pain) were among primary cooks and individuals who cook
inside (Table 5). The reporting of respiratory symptoms has no relationship with the
household primary cook (Chi-Square Test of Independence, x?(1, N=138) = 0.31, p=0.57).
Similarly, cooking location has no relationship with respiratory symptoms (Fisher Exact
Test; p=0.09).

The odds of experiencing respiratory symptoms (chest pain and/or coughing up

blood) were not significantly associated with any of the exposure variables (Table 7).
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Table 6. Predictors of Having Any Respiratory Symptoms.

Respiratory Symptoms, N=99

Exposure Variables Odds Ratio p-value
(95% CI)
Intercept 0.014 0.002
(0.001, 0.21)
Primary 2.58 0.16
(0.6,9.77)
Cooking Inside 0.997 0.99
(0.23, 4.24)
Age 1.05 0.08
(0.95, 1.09)
Smoker: Yes 1.57 0.59
(0.31, 8.09)
AIC: 83.9
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4. Discussion

4.1 Lung Function

Reduced lung function was most associated among primary cooks and cooking
indoors. In this initial study, being the primary cook significantly decreased FEV: by
0.30L and FEVsby 0.32L. Cooking indoors was associated with a 0.26L decrease in FEV.
Based on previous literature, we predicted primary cooks will exhibit decreased
spirometric values compared to non-primary cooks due to HAP exposure (Stapleton et
al., 2020; Yamamoto et al., 2014). Previous studies indicated women, who primarily cook
for their household, experienced increased personal exposure to pollutants from burning
of wood (Ezzati & Kammen, 2001; Okello et al., 2018). Although the mean FEV: and
FEVe significantly decreased among primary cooks there was no significant difference in
mean FEV1/FEVs ratio between primary cooks and non-primary cooks. This finding
indicates wood smoke exposure causes restrictive breathing but does not significantly
obstruct airways and diagnosis for diseases such as COPD. However, cooking indoors
was significantly associated with decreasing FEVs but there was no significant
association with FEV: and FEV1/FEVe. This finding supports the study’s prediction that

cooking indoors negatively impacts lung function.

The biological factors age and height were significantly associated with FEVi. Age
decreased the mean FEV1 of participants. This is unsurprising, since pulmonary

maturity peaks around 20-25 years old and lung function decreases afterwards (Sharma
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& Goodwin, 2006; Talaminos Barroso et al., 2018). Whereas height had a positive
association with FEV1, FEVs, and FEV1/FEVs ratio. This is finding is consistent with
previous literature showing taller individuals have greater lung capacity compared to
shorter individuals (Talaminos Barroso et al., 2018). However, as taller individuals

become older, their lung volume will decrease at a greater rate than shorter individuals.

Surprisingly, smoking tobacco had no significant association with any of the
spirometric readings. This finding contradicts previous studies indicating lung function
would be impaired by smoking (Tantisuwat & Thaveeratitham, 2014). Due to this
previous correlation, our results controlled for this variable to assess the true effect of
cooking fuel smoke on lung function. In the study’s sample a significant portion of the
tobacco smoking population were male. Males have larger lung volumes than women
and higher FEV1 and FEVs (Talaminos Barroso et al., 2018). The smoking variable in this
study may indicate that being male has a positive relationship with lung function rather

than smoking tobacco.

4.2 Respiratory Symptoms

Primary cooks” odds of experiencing respiratory symptoms were not significantly
higher than non-primary cooks. This finding contradicts our prediction that primary
cooks will have a higher likelihood of experiencing one and or more respiratory
symptoms. Previous studies have indicated that individuals that primarily cook have

higher odds and prevalence of experiencing multiple respiratory symptoms such as
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dyspnea, cough, and phlegm (Juntarawijit & Juntarawijit, 2019; Mbatchou Ngahane et

al., 2015; Regalado et al., 2006; Adama Sana et al., 2019).

Cooking indoors did not significantly increase the odds of experiencing respiratory
symptoms compared to those with an outdoor cooking location. This finding does not
support our prediction that individuals who cook indoors have poorer lung health. It is
inconsistent with findings in Ethiopia where solid fuel use inside the home indicated a
1.89 times higher odds of have a minimum of one respiratory symptom(Tamire et al.,
2019).

In addition to the previous findings, participants that smoked tobacco did not have
significantly higher odds of experiencing respiratory symptoms than non-smokers.
Previous studies indicated inhalants of toxins from smoking leads to an increase

prevalence of respiratory symptoms (Meghji et al., 2016).

4.3 Implications for policy and practice

This study’s findings support a relationship between cooking and poor lung
function. A potential factor leading to poor lung function in primary cooks is the
constant exposure to cooking fuel smoke from inefficient cook stoves such as the three
stone stoves commonly found in Madagascar. In the SAVA region limited improved
cook stoves are used (Blanco et al., 2019). Future programs or projects in the region can
focus on the availability and transition to improved cook stoves. Previous studies in
Rwanda and Ghana introduced improved cooking stoves and indicate improved self-

reported respiratory symptoms among cooks and/or children under the age of 5

27



(Burwen & Levine, 2012; Kirby et al., 2019). However, other trials in Peru and Senegal
contradict these findings with no effect on self-reported respiratory symptoms
(Beltramo & Levine, 2013; Hartinger et al., 2016). Since these studies, a new cookstove
has been developed using rice husks and has shown to produce acceptable level of
pollutants in Thailand (Punin, 2020). This cookstove could be a viable option for
Madagascar, since rice is a staple part of their diet the use of rice husk, which typically is
discarded, as a source of alternative fuel could reduce the amount of HAP in the cooking
location.

In addition to improved cook stoves, the ventilation of the kitchen is essential to
understanding the accumulation of HAP in the cooking location. In this study the
cooking location variable provided some insight if cooks were preparing food in an
enclosed space (indoors) or an open space (outdoors). A study in Burkina Faso indicate
cooking in indoors has a higher concentration of HAP than cooking outdoors
(Yamamoto et al., 2014). Our findings indicated cooking indoors to have a negative
impact on FEVe. Due to this negative relationship improved ventilation in indoor
kitchens could reduce the accumulation of HAP pollutants. Future programs or projects
can emphasize the importance of ventilation in cooking locations.

Our findings indicated individuals who are the primary cooks experience poorer
lung function and respiratory symptoms. Several studies have demonstrated the use of
improved cooking fuel such as LPG reduces the occurrence of respiratory symptoms

and poor lung function compared to firewood users (Mbatchou Ngahane et al., 2015; A
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Sana et al., 2020). The subsidization or introduction of improved cooking fuel types can

aid in improved health outcomes.

4.4 Implications for further research

Further research is needed to assess the effect of air pollution from cooking on lung
health in Madagascar. This initial study of data from Madagascar supports existing
literature that analyzes association of household air pollution with poor lung health
(Mbatchou Ngahane et al., 2015; A Sana et al., 2020; Tamire et al., 2019). However, this
study did not measure household air pollution in these homes. Specifically, future
research should focus on the measurement of air pollution in cooking location and
primary cooks. Studies have measured particulate matter (PM) from smoke in homes
(Balakrishnan et al., 2002; Pope et al., 2015; Stapleton et al., 2020). In addition to
measuring PM in the kitchen, other studies have measured the primary cook’s personal
exposure to PM (Van Vliet et al., 2013). The personal PM reading gives an accurate
understanding of the pollutant amount and duration of cooking.

Growing literature reveals household air pollution has a negative impact on
cardiovascular outcomes (Cai Yuanyuan et al., 2016; Fatmi & Coggon, 2016). In addition
to lung health outcomes our study found there is an association between blood pressure
and age (Appendix A). Future studies can focus on the impact household air pollution
has on cardiovascular outcomes such as blood pressure and pulse.

Our results did not indicate a relationship between smoking and lung function.

However, a plethora of studies has supported the negative effect on lung function

29



(Tantisuwat & Thaveeratitham, 2014). Individuals that smoked in our study were
associated with being male. Lung function is greater in males than in females and could
explain why our findings did not indicate a negative effect on lung function from
smoking. Future studies in Madagascar can investigate the smoking habits of the

population to better understand the effect of smoking on lung function.

4.5 Study strengths and limitations

As previously stated, air pollution was not quantitatively measured during this
study. This study used dichotomous variables for household cook and cooking location
to estimate an individual’s exposure to HAP. The primary cook variable does not
account for the time spent cooking in front of the stove. Additionally, cooking location
variable does not measure the ventilation in the kitchen. Therefore, cooking location
cannot account for the variation in air flow which is correlated to the concentration of
household pollution.

In this study respiratory symptoms were defined as coughed blood and/or chest
pain in the last year. This variable does not account for the acute or chronic respiratory
symptoms as done in previous studies such as coughing, wheezing, and dyspnea
(Mbatchou Ngahane et al., 2015; Regalado et al., 2006; Tamire et al., 2019). Therefore, this
study could not capture all symptoms commonly associated with household air
pollution.

Additionally, some variables such as smokers, fuel type, and lung function
readings had a large amount of missing data. Therefore, the sample size in the models

for the spirometric readings was reduced to 95 individuals from the 140 individuals that
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met the criteria. The missing data lead to a small sample size which may not capture the
true effect of HAP on the Mandena population. Future research can include a larger

sample size.
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5. Conclusion

Overall, this exploratory study demonstrated an association between household
air pollution from cooking fuel smoke and reduced lung function. However, cooking
location and being the primary cook did not significantly increase the likelihood of
respiratory symptoms. Additional studies are needed to further assess the amount HAP
pollutants in various cooking locations and their effect on respiratory health.
Investigation of kitchen characteristics associated with ventilation and their impact on
respiratory symptoms and lung function could also be explored. These data will aid in
understanding the HAP burden in Madagascar which will inform future public health

initiatives and enforce environmental policy.

32



Appendix

Appendix A — Blood Pressure Results of Participants.

Table 7. Multiple Regression Model of Blood Pressure.

Average Systolic, N=105

Average Diastolic, N=105

Variable Estimate p-value Estimate p-value
(95% CI) (95% CI)

Intercept 121 <0.001 85.6 <0.001
(90.7, 151.7) (67.17,103.93)

Primary Cook -2.43 0.57 1.71 0.91
(-10.8, 5.94) (-3.33, 6.76)

Cooking Indoors -1.93 0.70 -0.33 091
(-11.67,7.81) (-6.20, 5.54)

Age 0.67 0.001 0.20 0.046
(0.34, 1.01) (0.004, 0.40)

Smoker -1.83 0.75 0.20 0.85
(-13.31, 9.66) (-6.24, 7.6)

FEV1/FEVs -22.85 0.12 -2.06 0.04
(-52.11, 6.41) (-35.9, -0.62)

Adjusted R?for each model: 0.17 and 0.07.
F-Test for each model: F(5,89)=4.97, p<0.001; F(5,89)= 2.48, p=0.04
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